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Photogeneration, Diffusion and Decay  
The life and fate of optical excitations in quantum-dot solids 
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Storyline 
1.  PbSe QD solids 
a.  Carrier mobility 
b.  Auger recombination 
c.  (Multi-)Exciton dissociation 
2.  CdTe-CdSe QD solids 
a.  Charge transfer 
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→Δσ = Δneeµe + Δnheµh→φΣµ
Φ = number of mobile charges per absorbed photon 
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Ligand exchange vs. ligand removal 
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 Ligand Exchange Z-Type Removal 
 2DA 2DT 1A 2DA 6DA TETA 2DT 
Pb type  
(a) face 47.0 -1.2 11.1 -2.9 10.7 -11.8 11.2 
(b) edge 43.6 -1.3 1.2 -12.8 0.9 -21.6 1.3 
(c) vertex 46.2 3.1 2.0 -12.1 1.6 -20.9 2.0 














Coupling between QDs 
C.S.	Suchand	Sandeep	et	al.,	ACS	Nano	8,	11499	(2014)		
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How to interpret this mobility? 
•  Photoconductivity, due to both 
electrons and holes. 
•  Measurements on relatively short 
times – charges may not be fully 
equilibrated (esp. not yet trapped). 
•  Measurements on a local scale: 
within an oscillation of the microwave 
or THz field charges diffuse a 
distance of ~10-250 nm (depending 
on mobility and frequency). 
e-	
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•  Higher mobilities correlate with broadened 
absorption spectra. 
•  In a tight binding approximation the 
bandwidth W can be related to the hopping 




•  A bandwidth of 60 meV corresponds to a 
mobility of 67 cm2/(Vs) for an interparticle 
separation of 6 nm. 
•  Experimental TRMC mobility is 3 cm2/Vs. 
 
Comparison with optical properties 
	W =2zβ ;	β = hΓ /4W = zhΓ /2
!Δ
2 = Dτ = µkT
eΓ














































































































 τ total = 2 ps/NN ≈ 0.2 ps
Δ	=	4.2	nm	










Ultrafast spectral diffusion 
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THz and TA measurements on the same 























Pump-probe delay time (ps)
pump photon energy
 3.10 eV: above CM threshold
 1.55 eV: below CM threshold
pump at 3.10 eV (4.8Eg, CM)  




















TRMC Photoconductivity action spectrum 
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Dissociation vs. Auger recombination 
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•  ΓAR =1/50 ps (based on literature)
•  With ηMEG as a free fit parameter, we find ηMEG = 42%
•  From the fit parameter A we find that ΔEdis ~ 2.7kBT


















Charge Transfer and Charge Trapping 
The case of CdSe and CdTe QDs 
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Doped CdTe QD films 























































The DFT model system 
Cd40Te32(HCOO)18 
–  CdTe zinc blende core 
–  Cd rich surface 
–  Charge balanced by negative 
formate X-type ligands (to 
simulate oleate) 









The nature of the traps 
•  Only the removal of several Z-type ligand 
complexes results in states in the bandgap. 
•  These states are formed by 2 coordinated 
surface Te atoms. 
•  The experimental and calculated DOTS match. 
















•  Most under-coordinated “dangling” 
atoms do not form traps 
•  The in-gap states stem from 2-
coordinated chalcogenide surface 
atoms. 
•  This can be understood by looking 
at the atomic orbitals of the surface 
atoms: s-type vs p-type.  
•  Even 2 coordinated surface metal 
atoms have perturbed s-orbitals that 
delocalize into the CB. 
•  For 2c chalcogenide surface atoms 
one p orbital is non-bonding and 
forms a dangling orbital in the band 
gap. 




•  The mobility can be tuned via the suitable surface chemistry 
•  Amines enhance the mobility via necking.  
•  There is quite strong local coupling. This is not long range however due to 
disorder in the coupling strength. 
•  Disorder enhances Auger recombination 
Exciton Dissociation: 
•  In conductive PbSe QD films all excitons dissociate into mobile charges as 
a result of the high hopping rate and the relatively low exciton binding 
energy. 
•  Even multi-excitons can dissociate efficiently if the mobility is high enough. 
Trap states: 
•  In II-VI QDs 2-coordinated chalcogenide surface atoms form trap states in 
the bandgap. 
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